Background. Myocardial fibrosis is identified as a major side effect of Diabetes Mellitus on the heart. Some biomarkers including the ratio of matrix metalloproteinases and their inhibitors in collagen synthesis and collagen degradation are clinically useful in the diagnosis and identification of myocardial fibrosis. In addition, regular aerobic exercise training is one of the major and non-pharmacological solutions for preserving and promoting cardiovascular health. Objectives. Thus, the current research aims at investigating the effect of aerobic training on levels of matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of matrix metalloproteinase 1 (TIMP1) in diabetic rats. Methods. 30 male Wistar rats were randomly divided into 3 groups (healthy control, diabetic control, and exercise diabetic). Diabetes was induced by intraperitoneal injection of streptozotocin at 55 mg/kg per body weight. The exercise program comprised eight weeks of running on a bar for 60 minutes at a speed of 25 m/min. Biopsy was carried out 48 h after the last exercise session, and cardiac levels of MMP-9 and TIMP-1 values were measured by the ELISA sandwich method. Results. The findings of the current research indicated that diabetes induction caused significant increase in cardiac levels of MMP-9 and significant reduction of TIMP-1 compared to the healthy group. In addition, it was revealed that the implementation of 8 weeks-aerobic exercise significantly reduced cardiac levels of MMP-9 and significantly increased TIMP-1 compared to the group without exercise. Conclusions. The execution of aerobic training in diabetic rats inhibited progressive factors of myocardial fibrosis and thus fibrosis risk in diabetic heart is highly reduced.
INTRODUCTION
Diabetes mellitus is a prevalent and extensive metabolic disorder that is associated with inadequate secretion of insulin or its dysfunction and increased blood sugar (1) . In contrast to the benefits of multiple treatment interventions such as diet, regular physical activity, weight control, and commonly used medication treatments, epidemiological studies have revealed a growing trend in complications in these patients largely due to the complex nature of the disease and inadequate patient-adherence to treatment regimes. The main cause of premature death in people with diabetes is cardiovascular diseases (2) .
Matrix metalloproteinases (MMPs), also known as matrixin, are a family of calcium and zinc- dependent neutral endopeptidases that play a key role in regulating cell-matrix composition (3, 4) . Among matrix metalloproteinases, MMP-2 and MMP-9 have the highest dissemination and activity (5) . Studies have shown that decomposition of extracellular matrix components is vital in biological processes. In other words, MMPs activity is necessary and important for extracellular matrix protein decomposition under specific physiologic conditions such as embryo development, angiogenesis, and wound healing. However, their activity is transitory and temporary and are locally controlled by endogenous inhibitors. However, in pathological processes such as diseases and microbial and chemical pathogens, the inflammatory response begins with the activation of histamines and ultimately results in the activation of MMPs (6) (7) (8) (9) (10) . MMP activity can be completely controlled by tissue inhibitor of matrix metalloproteinase (TIMPs) which are expressed by different types of cells. Overall, according to some researchers, all TIMPs can inhibit all MMPs, the most frequent of which is type 1 (TIMP-1) which is highly similar to other isoforms (11, 12) . MMP-9 is generated by neutrophils, macrophages, osteoclasts, T lymphocytes and cancer cells which can affect membrane cell collagen, gelatin, fibronectin, elastin, glycosaminoglycans, proteoglycans and laminin. Given high sugar levels in diabetic patients, metalloproteinase levels are therefore much higher than in healthy individuals and their inhibitor levels are lower (13) . The relationship between coronary vessels and high MMP is well recognized, while low MMP levels are associated with inhibition and reduction of cardiovascular diseases (14) . Researchers have reported that the molecular basis for ventricular re-formulation in diabetic patients is the MMP/TIMP system, which leads to apoptosis of myocardial cells and fibrosis (15) .
Experts and researchers have recommended exercise as one of the main and nonpharmacological solution for cardiovascular health preservation and promotion (16) . The relationship between regular physical activity and myocardial fibrosis has not been clearly identified (17, 18) , therefore, controversial findings exists to this regard. Xiao et al. (2015) reported that regular physical exercises reduces myocardial fibrosis through the reduction of oxidative factors (19) . In addition, Kwak et al. (2011) stated that physical exercises reduce fibrosis and matrix metalloproteinase through AMPK activation (20) . However, Russo et al. (2011) and La Gerche et al. (2010) reported that regular aerobic exercise could increase myocardial fibrosis (21, 22) . On the other hand, few studies have investigated these two factors among diabetic patients and the impact of exercise on them. Farzanegi et al. (2013) reported that after 8 weeks of training, plasma levels of MMP-2 and MMP-9 decreased and TIMP-1 increased in type 2 diabetic patients (23) . Furthermore, circulating and plasma levels of MMP-9 and TIMP-1 were not sufficiently accurate to indicate myocardial fibrosis as this occurs in various organs of the body such as the lung, kidneys, and peripheral arteries. The explanation of the effects of regular exercises, especially aerobic exercises on diabetic complications specifically myocardial fibrosis is highly ambiguous. Therefore, the current research aimed at creating an underlying knowledge on exercises and myocardial fibrosis and investigated the effect of eight-week aerobic exercises on MMP-9/TIMP-1 ratio in diabetic rats.
MATERIALS AND METHODS
Animals. The present research was approved by the ethics committee of Razi University, Kermanshah. The subjects in this study were randomly selected male Wistar rats (n = 30) from the Pasteur Institute of Iran (6 weeks of age) with an average weight of 140 ± 20 g. The mice were transferred to the Animal Laboratory of Mazandaran -Babolsar University under controlled conditions of 12:12 h light-dark in groups of 5 rats in transparent polycarbonate shelves at 20-24°C temperature and 45-55% humidity. The animals were fed with food produced by Behparvar Co-Iran ad libitum. In addition, the water needed by the animals were made freely available through specified water bottles. The rats were randomly divided into three groups: healthy control group (n=10), diabetic control group (n=10), and exercise diabetic group (n=10) following two weeks after familiarization with the laboratory environment. Diabetes was induced by intraperitoneal injection of 1 mol/L streptozotocin (STZ) solution (Sigma Aldrich Co., Germany) at 55 mg/kg per body weight in citrate buffer (PH=5.4). Blood glucose concentration was measured by glucometer 14 days after injection using blood samples collected from the tail of rats. Blood glucose levels of above 250 mg/dl was the criterion for diabetes. The control group was injected intraperitoneally to equalize the 0.1 mM citrate buffer injection of the same volume (13) .
Training Protocol. Prior to the training protocol implementation, the animals were familiarized with 5 sessions of walking and running on a treadmill at 5-8 m/min speed and 0% inclination for 5-10 min for two weeks. The exercise program was implemented as running on a treadmill without rodent inclination for 60 min at 25 m/min speed (24) . The program was executed for 8 weeks at 5 sessions per week. For warming up, the subjects ran for 3 min at 7 m/min speed at the beginning of each session, and then the speed was increased by 2 m/min in order to reach the respective speed. In order to cool the body at the end of each exercise session, the speed of the treadmill was reduced inversely to reach the initial speed. The entire exercise program was conducted on a treadmill without slopes in Mazandaran-Iran University.
Biopsy and Measurement. 48 hours after the last exercise session, ketamin and xylazine solution was intraperitoneally injected in the rats and then the heart tissue was collected from their split chest. In order to measure MMP-9 and TIMP-1 levels, ELISA Kit (Eastbiopharm Co, China) was used. All the experiments were carried out at the Biochemistry Laboratory, School of Physical Education and Sports Science, Mazandaran-Babolsar University.
Statistical analysis. In order to investigate significant changes in different groups, SPSS Version 21 and Shapiro-Wilk test were used for data analyses. Considering normal distribution of data, one-way ANOVA was used for statistical analysis. After determining significant differences in the groups, Tukey's post hoc test was used to determine the difference between the groups and to examine the differences between research indexes. Repeated measures ANOVA was used to compare glucose levels in the three groups before and after streptozotocin injection and during slaughter. In this study, p<0.05 denoted significant difference. Figure 1 shows the fasting glucose values in the three phases of the study: before streptozotocin injection, two weeks after streptozotocin injection, and during. There was no significant difference in fasting glucose levels among the groups before streptozotocin injection and placebo injection. Following streptozotocin injection, it was observed that fasting blood glucose significantly increased in the groups (p<0.001), while no change was observed in fasting glucose level in the control group (p>0.05). In addition, the results showed that implementation of exercises significantly reduced fasting blood glucose level (p<0.05) in the exercise diabetic group and diabetic control group (p<0.05). Figure 2 shows that cardiac levels of MMP-9 significantly increased in the diabetic control group compared to the healthy control group (p=0.002). Furthermore, a comparison between exercise diabetic group and diabetic control group showed that 8 weeks of exercise caused a reduction in cardiac levels of MMP-9 compared to non-exercise group (p=0.002).
RESULTS
Additionally, the research findings showed (Figure 3 ) that TIMP-1 was significantly reduced in heart tissue of diabetic control group than in the healthy control group (p=0.016), and TIMP-1 cardiac levels was significantly increased in exercise diabetic group than in the diabetic control group (p=0.001).
MMP-9/TIMP-1 ratio for each group is shown in Figure 4 . The results specified that MMP-9/TIMP-1 ratio was significantly increased in diabetic control group compared to healthy control group (p=0.001). Moreover, significant reduction was observed in MMP-9/TIMP-1 ratio in exercise diabetic group compared to diabetic control group (p<0.001).
DISCUSSION
The present study was aimed at investigating the effect of 8 weeks of aerobic exercise that is, running on treadmill, on some muscular fibrosis indexes including MMP-9 and TIMP-1 in heart tissue of diabetic rats. The results of the study showed that diabetes induction caused 34.7% increase in MMP-9 level and 23.9% reduction in TIMP-1 levels, and consequently, a 80.2% increase in MMP-9/TIMP-1 ratio in the heart tissue of diabetic group compared to the healthy group. High blood sugar may lead to changes in extracellular matrix causing increased inflammation and fibrosis (25) . The results of this study also showed that fasting glucose level in diabetic groups was significantly increased compared to non-diabetic group. Due to high blood glucose levels in diabetics, MMPs levels are higher than in healthy subjects, which play a major role in the movement of inflammatory cells, the formation of inflammatory substances, as well as the formation of intercellular matrix structures. Their impairment results in different anomalies in matrix function and ultimately results in inappropriate response to physiological or pathologic changes (26) . In addition, Rodriguez et al. (2008) reported that high levels of MMP-9 are directly related to increased risk factors for heart disease in patients with type 2 diabetes and myocardial infarction (27) . Consistent with the current research findings, increasing myocardial fibrosis indexes in diabetics have also been confirmed in other researches. Westermann et al. (2007) showed that increased diastolic hardness in diabetic rats is associated with increased cardiac fibrosis (28) . Nakamura et al. (2003) reported that MMP-9 and TIMP-1 levels are higher in healthy individuals compared to diabetic individuals (29) and this is in agreement with the current study. In a study by Haffner et al. (2002) , it was reported that hyperglycemia treatment reduced serum level of MMP-9 and its other generation stimuli (30) . Abnormal ventricular filling has been reported to be associated with high collagen levels in myocardial tissue. Therefore, due to collagen nondegradation in diabetes, the extracellular space is enlarged and reduces the ventricular capacity to accept blood (31) . The motility of the ventricular rearrangement in diabetic patients affects MMP/TIMP system which is affected by high glucose levels and leads to apoptosis of the heart muscle cells and subsequently, fibrosis (15) . Subsequently, the results of this study showed that 8 weeks of aerobic exercise significantly reduced cardiac levels of MMP-9 by 25.9%, significantly increased MMP-9 levels by 40.9% and caused significant reduction in MMP-9/TIMP-1 ratio by 47.7% in diabetic rats. In agreement with the current findings, Kadoglou et al. (2010) reported that 16 weeks of self-control (without trainer) aerobic exercise lead to reduced levels in MMP-9 and MMP-9/TIMP-1 ratio and increased TIMP-1 level in men and women with type diabetes (32) . Growing evidences support the protective role of TIMPs as inhibitors of MMP-2 and MMP-9 against cardiovascular diseases (34, 35) . TIMP-1 as an inhibitor of a wide range of MMPs are inversely associated with plaque atherosclerosis instability and its poor prognosis of cardiovascular disease (36) . On the other hand, MMP-9/TIMP-1 ratio is regarded as an independent predictor of cardiovascular disease severity (37) . In the current research, MMP-9/TIMP-1 ratio was reduced and cardiac levels of TIMP-1 increased following 8 weeks of aerobic exercise. Therefore, exercise could significantly improve inflammatory and fibrosis factor levels in heart tissue of diabetic rats. Implementing exercises initiated inflammatory responses in the body's protective system cells from preventing cellular damage through the immune cells. It leads to better functioning of a wide range of mediums and solutes and stimuli factors in the immune system, blood and other body fluids (38) . These reactions may lead to reduced production of free radicals and finally reduced inflammation and related factors.
CONCLUSION
The findings of this study showed that exercise training in diabetic rat caused elevated TIMP-1 and reduced fibrosis progressive factors including MMP-9 and MMP-9/TIMP-1 ratio by enhancing protective systems especially in the heart tissue. Thus, the risk of cardiac fibrosis in diabetic individuals was highly reduced.
There were some limitations in carrying out this research. They included: 1) Very rare similar studies were available. 2) The lipid levels of subjects were not measured. For future studies, it is suggested that these indexes are measured and their relationship with changes in MMP-9 and MMP-9/TIMP-1 levels be investigated.
APPLICABLE REMARKS
 Regular aerobic exercises reduce cardiac fibrosis resulting from diabetes. Thus, diabetic patients can significantly reduce the risk of cardiac fibrosis and heart failure by moderate aerobic exercise training such as running.
Downloaded from aassjournal.com at 16:02 +0430 on Saturday August 3rd 2019
